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4 Introduction
 Significance and sources of nitrogen (N) pollution
1 Onsite wastewater management systems

1 Key Methods
] Results
] Conclusions

All materials presented herein and henceforth represent my own opinion, and do NOT reflect the
opinions of NOWRA
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Significance of Nitrogen Pollution

JHuman health effects
dMethemoglobinemia
J Stomach cancer

d Environmental effects
d Eutrophication
 Algal blooms

L Harmful effects

d Cyanobacteria
d Fish kills
L Recreational impacts

From'theguardian.com From news.psu.edu

(Mallin et al. 1998, 2007; Cahoon et al. 2006)
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Sources of Nitrogen

Industrial Row crop Pet waste ~ Wildlife waste Atmospherlc Dep

From aamaktiba.com From umequip.com © Brittany Crossman From theregister.co.uk

Urban wastewater | Onsite wastewater Urban runoff _ Home fert|||zer

From phys.org ‘ | = From nepork.org From savenewport.com From homedepot.com
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Onsite Wastewater Systems (OWSSs)

A. Conventional Onsite System Surface
— | Drainfield Trench
Septic G e 'n'f-"""”‘ R -"‘HS'
TaFI)ﬂI( i ik i’;"ﬁi — Surface Water
u
‘ \Z/gggse ; ; Setback (> 15m)
Aquifer >

Past studies and future needs:

 Total dissolved nitrogen (TDN) in wastewater range from 26 — 94.4
mg/L; N reduction ranged from 74 — ~100% between tank and stream

d GW and SW still may contain elevated TDN, esp. in HD areas

1 Recent studies in Piedmont NC focused on Triassic Basin soils
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(US EPA, 2002; Humphrey et al., 2013, 2016, 2018, 2019; O'Driscoll et al., 2014, 2020; Iverson et al., 2015, 2018; Lusk et al., 2017; Robertson et al.,

1991, 2019; Harman et al., 1996; Buetow, 2002; Hoghooghi et al., 2016)



Study Goals and Objectives

 Goal: Quantify TDN treatment by OWSs in Raleigh Belt
geologic settings

1 Objectives:

1. Compare N concentrations in groundwater and surface water
downgradient of OWSs

2. Evaluate OWS performance based on concentration reduction of TDN
3. Estimate mass reductions of TDN based on N/CI- ratios
4. Quantify TN mass export in streams downgradient of studied OWSs
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Methodology




Study Area

A Four volunteer sites |, M« ras o lﬁsnefoor‘ =% ™ site 100
were located within | R i e
the Lake Benson WS | o

3 Site 200 = dry S|

d OWS density;: ~3.7 | [
systems/ha R AN

0110 OWSsin29.2ha [ sui / |

3 2 small streams drain ™

. Piezometer

the community A s

Stream

1 Predominant geology ...,
IS biotite gneiss and 55 e o
[ ] Triassic Basin

mlca SCh ISt [ | Raleigh Belt
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Solls Data

Typical
: Soil . : Depth to  Hydrologic Drainage
Location Series Description Soil Texture Water Soil Group Class
(cm [in])
Site 100 10 . 150
Urban I.and cor_nplex,_lO 15% Sandy loam to clay > 203 _
Pacolet slopes; saprolite derived from B Well drained
: : . (Group Il - IV) (> 80)
_ granite and gneiss and/or schist
Site 200
Ch: Loamtoclay Ch:15-61 Ch: Somewhat
loam (Group II - Il 6-24 oorly drained
Chewacla 0 - 2% slopes, frequently flooded; (Group ) ( ) B/D poorly crat
Site 300 and loamy alluvium derived from igneous (Ch & W)
Wehadkee and metamorphic rock W: Silt loamtoclay W:0-30 W: Poorly
loam (Group IlI) (0-12) drained
0 - 4% slopes; sandy loam; rarely Coarse sandy loam ]
Site 400  Altavista flooded; derived from igneous and to clay loam 45-76 C Moderqtely
: (18 - 30) well drained
metamorphic rocks (Group 11 - 1)
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Site Instrumentation

1 Hand augers used to drill boreholes
between, adjacent to, and
downgradient of drainfields

15 piezometers installed
A Installed 0.3 — 0.9 m beneath SHWT
1 Diameter was 3.18 cm or 5.08 cm
 Total depth: 0.9 — 2.7 m

1 Site 100 also contained 3
downgradient piezometers

2 creeks sampling locations
(Sites 100 and 300)

4 1 BG piezometer installed near the ['\§ ; _ o
Site B 1 . sie 300 L AT
Creek 7

i " n
I ] ENVIRONMENTAL HEALTH
SCIENCES PROGRAM




Sampling Protocol

1 10 sampling events (Feb 22 — Apr 23)
d DTW measured (Solinst TLC)
1 Purged with bailer and sampled

1 Samples were collected for N
assessment at the ECU ERL

1 Creeks sampled via direct grab
sampling

 Stream discharge estimated:
 Volumetric bottle fill
d Q =Avg. V * Avg Depth * Stream width




Laboratory Methods

Quantification of Nutrient Concentration

Vacuum Filtering

Buichner funnel —_ ° N H4' N
filter paper ° CI
T * PN (filter)

vacuum flask i

h |

// \

From amazon.com From gloééary.periodni.com )
« TDN

« DON =TDN - DIN

Estimating Stream TN Mass
« TN =TDN + PN

Mass = (Q XTN Conc

From shimadzu.com
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Results
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Nitrogen Concentration & Speciation

 Pooled by location

d Median TDN (mg/L)
d Tank — 62.15 8594
d DF-9.54
d Stream — 3.81 94%
4 Significant differences?

1 Speciation
d Tanks - mostly NH,*
d DF = mostly NH,*

d Streams - mostly NO,
but NH,* elevated

] Site differences?
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Differing letters denote statistically significant differences (p < 0.05)




Lot-scale Trends in Nitrogen

67.4
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° Site 100
g . . _ « DTW within 30 cm
E . of the trench or
I — @S e within trench on
A N eed for § 80% of sampling
D . t . events
IS an Ce e oWey  0idu  29hug  240s  T9bes  Tafeb  Tomr
° Site 300
: § « DTW within 30 cm
d _Sltes 10(_) & 30(_) hqd_ ; | of the trench or
Issues with maintaining s . R within trench on
minimal vertical & ° . ° . .
separation distance ° . . ) 90% of sampling
(VSD) B e T events
Group Il — IV soils O
require 30 cm of .
Secg)aration from trench = Site 400
bottom to water table E::Z ““““““““““““ S UED T  DTW never
Need additional high : encroached VSD
frequency monitoring § 2 during sampling
.0 events (n= 6)

14-Mar 09-May 04-Jul 29-Aug 24-Oct 19-Dec 13-Feb 10-Apr



Estimating Mass Reductions

D DllUtlon ImpaCtS Location Cl Fraction Fraction PrgrdDi(I:\Ted Ob_ls_grpl/ed CI/TDN ;gglu'::ﬂt?gﬁ
- . Lt WwWw GW Lt Lt Rati %
concentration reductions T ) Mmeny R
. . Tank 69.76 1.00 0.00 67.08 1.04
DF 26.54 0.33 0.67 22.28 11.02 2.41 50.53%
4 Cl- > conservative infresh I, 2% % 07 2% G I8 i
- 30 18.04 0.20 0.80 13.47 1.63 11.04 87.87%
e nVI rO n m e ntS BGm 5.04 0.00 1.00 0.95 5.33
- . Site 300
1 Mass removal estimates: Tak 6207 100 000 5390 115
. DF 39.39 0.60 0.40 32.46 20.04 1.97 38.27%
J Site 100 = 25 — 88% TDN BG 5.04 0.00 1.00 0.95 5.33
d Site 300 2> 38% TDN Site 400
Tank 52.47 1.00 0.00 67.35 0.78
1 0) DF 31.37 0.56 0.44 37.40 1.26 24.95 96.64%
D Slte 400 9 97 /0 TDN BG 5.04 0.00 1.00 0.95 5.33
d I\/Ialfunctions negative|y O Model estimates reductions by dilution alone (e.g., Predicted
TDN)
affected Mass I’emova| O Estimated by multiplying observed TDN by fraction WW to
: predict TDN if dilution was the only treatment mechanism
estimates O Differences in predicted and observed TDN assumed to be

mass reductions
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Evaluating Off-site Transport in Streams

 Streams monitored during ] . X 56.2 67
baseflow 1 |

d Median Q (L/min)
Q Site 100 = 11.9 (0.6 - 127.3)
Q Site 300 > 8.1 (2.6 - 99.6) 1004~

d Median N Conc (mg/L)
Q Site 100 = 2.45 TN; 2.29 TDN
Q Site 300 = 5.29 TN; 4.86 TDN

4 Site 300 tended to contain ol
elevated concentrations ]
and masses of nitrogen

relative to Site 100
Ed TDN

O Both routinely malfunctioned, | =
but 300 closer its stream 100 Stream 300 Stream

302 993

N Mass (g day’1)
Q

{I‘\] ENVIRONMENTAL HEALTH
QY A SCIENCES PROGRAM




r ] ENVIRONMENTAL HEALTH
Yy A SCIENCES PROGRAM

Normalizing Transport by Area

J Both streams drain small areas

] 100 Stream — 9.2 ha
] 300 Stream — 1.9 ha

 Streams exhibited significant
differences after area
normalizing

] These data suggest that
malfunctional OWSs can be
potentially significant nutrient
sources, especially if streams
lack sufficient vegetated
buffers

Parameter Site
Export 100-Stream 300-Stream
Daily (g/day/ha)
TDN 3.3(0.2-73) 30.4 (13.6 - 370.6)

TN 43(0.2-79.5) 36.2(14.6-406.2)
Annual (kg/yr/ha)
TDN 1.2 (0.1 - 26.6)
TN 1.6 (0.1 - 29)

11.1 (5- 135.3)
13.2 (5.3 - 148.3)

1 Past studies in the NC Piedmont
estimated annual watershed exports
of 1.9 — 6.7 kg-TDN/yr/ha

O Density is an important factor and
high density watersheds may export
up to 44.1 kg-TDN/yr/ha

(Line, 2013; Iverson et al. 2018)



Conclusions

 Highest TDN in WW, but DF GW at Sites 100 and 300
occasionally contained WW strength

1 Concentration reductions were variable depending on location

and malfunction status
 Site 100 — Median TDN reduced by 84 — 97%
 Site 300 — Median TDN reduced by 63 —91%
 Site 400 — Median TDN reduced by 98%

 Mass reduction was lower, likely inhibited by malfunction
1 Site 100 — Mass of TDN reduced by 25 — 88%
1 Site 300 — Mass of TDN reduced by 38%
1 Site 400 — Mass of TDN reduced by 97%

 Stream exports indicate that OWS can transport substantial
masses of nitrogen, especially during malfunctions that occur
during the wet season
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Additional Research Needs

d High-frequency assessment of malfunction duration?
1 HOBO loggers to evaluate DTW over shorter timespans

 Longitudinal surveys in streams?

4 In-stream processing?

 Additional malfunctional OWSs?

 Nutrient mass load from these tributaries to larger watersheds?

 Storm impacts on nutrient transport?
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Questions?

d Thank you for your attention and attending today!

WaATr
o & £

O /.\*? onSite ‘ Hampton, Virginia
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